The potential benefits and mechanisms of potassium ferrate pretreatment and calcium chloride addition on sludge dewaterability were investigated in this study. The capillary suction time (CST) was used to evaluate sludge dewaterability. Results indicated that potassium ferrate of 0.1 g/g total solids (TS) and calcium chloride of 0.4 g/g TS were optimal parameters, and corresponding CST reached 43.7 s. Soluble organics in extracellular polymeric substances (EPS) were determined by threedimensional excitation-emission matrix fluorescence spectroscopy, which was used to explain the mechanism of sludge dewaterability. The fluorescence intensities of protein-like and humic-like substances in EPS had a negative relationship with the CST. Scanning electron microscopy images indicated that calcium chloride neutralized the surface charge of particles, making the soluble proteinlike substances agglomerate and form bigger flocs, consequently enhancing sludge dewaterability.
INTRODUCTION
A large quantities of waste activated sludge (WAS) is produced in biological treatment of wastewater, and the water content of WAS is generally greater than 95%. Therefore, dewatering is the major issue in treatment and disposal of WAS. Now, studies about sludge dewatering still focus primarily on sludge volume reduction and handling properties improvement. Together with more stringent treatment and disposal regulations, the demand for more efficient sludge-conditioning methods need to be improved.
In order to enhance sludge dewaterability, various potential pretreatment technologies have been investigated, such as the addition of calcined aluminum salts (Zhen et al. ) acids and surfactants (Yuan et has been demonstrated to be a strong oxidant reagent that can disintegrate flocs structure of WAS by oxidizing organic compounds in extracellular polymeric substances (EPS) efficiently (Zhang et al. ) . At the same time, the potassium separation problems. Until now, many investigations on the role of EPS in bioflocculation, sludge settleability and dewaterability have been carried out, and the results indicated that the dewatering mechanism was based on partial oxidation and rearrangement of the surface components of sludge flocs (Jin et al. ; Badireddy et al. ) . However, the responsible mechanism of potassium ferrate pretreatment on sludge dewaterability has not been fully understood.
As we know, metal salts play an important role in sludge Therefore, the aim of this study is to explore the possibility of potassium ferrate pretreatment and calcium chloride in increasing dewatering efficiency of WAS. The capillary suction time (CST) was selected as the index to investigate sludge dewatering characteristics. The pretreatment performances of potassium ferrate on WAS were analyzed by particle size and soluble chemical oxygen demand (SCOD). Simultaneously, the mechanism for sludge dewatering was explained by three-dimensional excitation-emission matrix (3D-EEM) and scanning electron microscopy (SEM).
MATERIALS AND METHODS

Experimental materials
WAS used in this study was taken from a secondary sediment tank in a wastewater treatment plant, Harbin, China.
Sludge was initially concentrated by settling for 12 h at 4 W C with supernatant discharged. The characteristics of WAS are summarized in Table 1 .
Experimental procedure WAS samples were treated with different dosages of potassium ferrate and calcium chloride to identify the optimal conditions for sludge dewaterability. Firstly, WAS samples (300 ml) in 500 ml plexiglas reactors were mechanically stirred with dosages of potassium ferrate (0, 0.05, 0.1, 0.2, 0.3 and 0.4 g/g TS) at 150 rpm for 2 h. Then, calcium chloride in the range of 0-1.6 g/g total solids (TS) were added into pretreated sludge with potassium ferrate of 0.1, 0.2 and 0.4 g/g TS, and the untreated sludge was set as control.
The CST, SCOD, average particle size, SEM, and soluble organics in EPS were investigated. Each test was conducted in triplicate with average and standard deviation reported.
Analytical methods
The sludge samples first were centrifuged at 8,000 rpm for 5 min, and then filtrated by 0.45 μm filters before measurement of SCOD and 3D-EEM. The TS, volatile solids (VS), SCOD were analyzed by Standard Methods (APHA ). The pH was measured using a digital pH-meter (pHS-3C). The CST was measured using a standard CST apparatus (Model 304M, Triton, UK) equipped with an 18-mm diameter funnel and Whatman No. 17 chromatography-grade paper.
The particle size was determined by a Malvern Mastersizer 2000 which enables the measurement of particles in the range of 0.02-2,000 μm. The average size of the flocs was given as the mean based on the volume equivalent diameter.
3D-EEM analysis of soluble organics
3D-EEM spectra of soluble organic matters at different dosages of calcium chloride with potassium ferrate of 0.1 g/g TS were measured using a molecule fluorescence spectrometer (FP-6500, Jasco, Japan). Scanning emission spectra from 220 to 550 nm at 1 nm increments was 
RESULT AND DISCUSSION
Effect of potassium ferrate on sludge pretreatment
It is well known that CST was one of the most important indexes for sludge dewaterability, and the shorter the CST is, the better sludge dewaterability becomes. So, the effects of potassium ferrate conditioning on sludge dewaterability were evaluated by CST. As shown in Figure 1(a) , no obvious change of CST was observed at potassium ferrate less than 0.1 g/g TS, while the CST value rose rapidly to 1,114.5 s when the potassium ferrate was 0.4 g/g TS. Compared with untreated sludge, the CST increased almost 16.9
times. It can be seen from Figure 1(b 
Effect of calcium chloride condition on sludge dewaterability
The co-conditioning of potassium ferrate and calcium chloride on sludge dewaterability is shown in Figure 2 . It was obvious that the CST decreased with an increase of calcium It was a remarkable fact that the CST first decreased and then increased with increase of potassium ferrate. For example, at calcium chloride of 0.4 g/g TS, the CST decreased from 62.3 to 47.7 s when the potassium ferrate increased from 0 to 0.1 g/g TS.
Subsequently, the CST increased to 415.4 s as potassium ferrate continually increased to 0.4 g/g TS. The major reason for sludge dewaterability was that sludge pretreated at a high dosage of potassium ferrate led to smaller particles and more soluble organics were released, which were difficult to be reflocculated.
Change of soluble organics after calcium chloride condition
In order to analyze the mechanism for enhanced dewaterability, Figure 4 shows 
